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The possible existence of 16 parameter sets for strongly regular graphs with 100 or less
vertices is still unknown. In this paper, we outline a method to search for strongly regular
graphs by assuming a non-trivial automorphism of prime order. Among these unknown
parameter sets,we eliminatedmanypossible automorphisms, but some small prime orders
still remain. We also found 6 new strongly regular graphs with parameters (49,18,7,6).
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1. Introduction
Definition 1.1. A strongly regular graph with parameters (v, k, λ, µ) is a graph with v vertices such that the number of
common neighbours of two vertices x and y is k, λ, or µ according to whether x and y are equal, adjacent, or non-adjacent,
respectively.
We use the abbreviation srg(v, k, λ, µ) for a strongly regular graph with parameters (v, k, λ, µ).
Let G be a strongly regular graphwith parameters (v, k, λ, µ), and let A be its adjacencymatrix. Let I and J be the identity
matrix and the all one matrix, respectively. It is well known, e.g., [3, (2.13)], that A satisfies:
A2 = (k− µ)I + µJ + (λ− µ)A. (1)
The Handbook of Combinatorial Designs [4, Table 11.12] contains a list of possible parameters for strongly regular graphs
with at most 280 vertices. Among those with 100 or less vertices, there still exists 16 parameter sets for which the existence
of a strongly regular graph is unknown.
Recently, some papers have studied the possible prime divisors of the order of the automorphism groups for some of the
unknown graphs. In 2004, Makhnev and Minakova [10] showed that if a srg(99, 14, 1, 2) exists with an automorphism of
prime order p, then p = 2, 3, 7, or 11. In 2009, Paduchik [14] showed that if a srg(85, 14, 3, 2) exists with an automorphism
of prime order p, then p = 2, 3, 5, 7, or 17. In both cases, the authors also gave restrictions on some of the subgraphs formed
by the fixed points of these automorphisms.
This paper reports the results of the Ph.D. Thesis of the first author [1]. Among the results, we showed that if a
srg(99, 14, 1, 2) exists, then p = 2 or 3; and if a srg(85, 14, 3, 2) exists, then p = 2.
In addition to these results on the unknown graphs, we also found 6 new strongly regular graphs with parameters
(49, 18, 7, 6).
We note that computers have been used to study the existence or non-existence of strongly regular graphs. In [2],
a computer search showed the non-existence of a srg(49, 16, 3, 6). The uniqueness of some strongly regular graphs up
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to isomorphism was shown by the use of an exhaustive search in [7]. Complete classification of some strongly regular
graphs with small parameters has been performed in [6,8,13,15]. In [11], a computer search was performed to find all self-
complementary strongly regular graphs.
We also note that block designs have also been frequently studied with assumed automorphisms via their associated
tactical decompositions or orbit matrices [9,12]. We shall next define a similar structure for strongly regular graphs.
2. Orbit matrices
Block designs have often been studied with assumed automorphisms via their associated tactical decompositions or orbit
matrices [9,12]. We shall next define a similar structure for strongly regular graphs.
Let G be a srg(v, k, λ, µ) and A be its adjacency matrix. Suppose an automorphism of G partitions the set of vertices V
into b orbits O1, . . . ,Ob, with sizes n1, . . . , nb, respectively. Since we are considering only automorphisms of prime order,
the orbit sizes are either 1 or p. A vertex in an orbit of size 1 is called a fixed point.
The orbits divide A into submatrices [Aij], where Aij is the adjacency matrix of vertices in Oi versus those in Oj. We define
three matrices C = [cij], R = [rij], 1 ≤ i, j ≤ b, and N such that
cij = column sum of Aij,
rij = row sum of Aij,
and
N = diag(n1, n2, . . . , nb).
Note that R is related to C by
rijni = cijnj.
Since the adjacency matrix is symmetric,
R = CT .
The matrix C is called the orbit matrix of the graph G.
Given a prime p, let φ be the number of fixed points, and let ψ be the number of orbits of size p. We have
φ = v − pψ. (2)
Columns or rows of C which correspond to orbits of size 1 are said to be fixed. Those that correspond to orbits of size p
are said to be non-fixed.
Our basic approach is to construct all possible orbit matrices for each possible value of φ. Then we try to expand the orbit
matrices into strongly regular graphs. In Section 3, we shall establish some upper bounds on φ, which helps to limit the
search. In this section, we discuss how to construct the orbit matrices.
First, we establish a relationship involving the matrices C,N , and R. LetW = [wuv] = A2, wherewuv counts the number
of paths of lengths 2 between vertices u and v. The vertex orbits partition W into submatrices [Wij], where i and j are the
indices of the orbits.
Define a b× bmatrix S = [sij] such that
sij = sum of all the entries inWij.
From (1), we haveWij = δij(k− µ)I + µJ + (λ− µ)Aij, which implies
sij = δij(k− µ)nj + µninj + (λ− µ)cijnj. (3)
The matrix S can also be calculated in a different way.
Lemma 2.1.
CNR = S. (4)
Proof. Let αi be a vector of size v such that
αi(j) =

1 if j ∈ Oi,
0 otherwise.
Note that sij = αiA2αTj , because αiA2 computes the column sum of entries in A2, restricted to the orbit Oi, and further
multiplication by αTj adds up all the column sums corresponding to vertices in orbit Oj.
However, αiA2αTj can also be computed as (αiA)(Aα
T
j ), which gives CNR. 
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Lemma 2.1 allows us to derive a set of integer equations for the possible entries in row r of the matrix C . For the diagonal
entries of S, (4) gives
srr =
b−
k=1
crkrkrnk =
b−
k=1
c2rknk. (5)
The value of srr is given by (3) as
srr = (k− µ)nr + µn2r + (λ− µ)crrnr (6)
which depends on nr , crr and the parameters k, µ and λ. If nr is odd, crr is further restricted to being even, because the
subgraph Arr induced by the vertices in Or is regular with degree crr .
Without taking into account the ordering of the entries in a row of C , we first consider the distribution of such entries.
We call this a prototype for a row of C . Each prototype will tell us the possible number of occurrences of each integer as an
entry of a particular row of C .
Consider an arbitrary fixed row r of C . The possible values of each entry of that row, regardless of being a fixed column
or a non-fixed column, is either 0 or 1.
Let x0 and x1 be the number of zeros and ones respectively in the fixed column portion of row r . Let y0 and y1 be the
number of zeros and ones respectively in the non-fixed column portion of row r . Since the number of fixed columns is φ,
we have x0 + x1 = φ. Similarly, we have y0 + y1 = ψ . Since the row sum of the matrix A is equal to k, we have
x1 + py1 = k.
Thus, we have the following set of equations:
x0 + x1 = φ,
y0 + y1 = ψ,
x1 + py1 = k.
(7)
These equations can be solved to find the prototypes for a fixed row.
For a non-fixed row r of C , the possible values for entries in a fixed column position are either 0 or p, and in a non-fixed
column position the values are between 0 and p. Using these facts and Eq. (5), a slightly more complicated but similar set
of equations can be derived for a non-fixed row of C . Let x0 and xp be the number of zeros and p’s respectively in the fixed
column portion of row r . Let yi be the number of i’s in the non-fixed column portion of row r , we have:
x0 + xp = φ,
y0 + y1 + y2 + y3 + · · · + yp = ψ,
xp + y1 + 2y2 + 3y3 + · · · + pyp = k,
pxp + y1 + 4y2 + 9y3 + · · · + p2yp = srr/p.
(8)
We start by computing the prototypes, which are then used to guide the construction of the rows of C . If there are fixed
rows, and there is no prototype for them or if there is no prototype for the non-fixed rows, then the orbit matrix does not
exist. Otherwise, we start from row 1, and choose the correct type of prototype. By the nature of the prototype, there is a
uniqueway, up to isomorphism, of placing the entries in the first row. For subsequent rows,we use backtracking to construct
the matrix C . Eqs. (3) and (4) give a restriction on the weighted inner product of two rows of C . The matrix C is constructed
row by row. Isomorph rejection is applied to each intermediate r × n matrix by computing its certificate and extending it
only if the certificate is new. For efficiency consideration, isomorph rejection is only performed when r < n/3 and when
r = n.
Note that φ is vmod p and hence its smallest possible value is the remainder z of v after division by p. The possible values
ofφ are z, z+p, z+2p, . . . , z+p

v−z
p

. However, oncewe find no prototype for a givenφ, then there is no need to consider
any larger φ’s when φ ≥ 2p. This is because if a prototype exist for φ satisfying φ ≥ 2p, then one can construct a prototype
for φ − p. The following theorem shows this construction.
Theorem 2.2. If there exists a non-fixed prototype with φ fixed vertices and φ ≥ 2p, then there is a non-fixed prototype with
φ − p fixed vertices.
Proof. Since there exists a non-fixed prototype with φ fixed vertices, there is a non-negative integer solution
(x0, xp, y0, y1, . . . , yp) for the set of Eq. (8). Consider the following equations for a non-fixed prototype with φ − p fixed
vertices:
x′0 + x′p = φ − p,
y′0 + y′1 + y′2 + y′3 + · · · + y′p = ψ + 1,
x′p + y′1 + 2y′2 + 3y′3 + · · · + py′p = k,
px′p + y′1 + 4y′2 + 9y′3 + · · · + p2y′p = srr/p.
(9)
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Since φ ≥ 2p, either x0 ≥ p or xp ≥ p. If x0 ≥ p, then x′0 = x0 − p, x′p = xp, y′0 = y0 + 1, and y′i = yi for 1 ≤ i ≤ pwould
be a solution for Eq. (9), and (x′0, x′p, y
′
0, y
′
1, . . . , y
′
p) are non-negative.
If xp ≥ p, then x′0 = x0, x′p = xp − p, and y′i = yi for 0 ≤ i ≤ p− 1, and y′p = yp + 1 would be a solution for Eq. (9), and
(x′0, x′p, y
′
0, y
′
1, . . . , y
′
p) are non-negative.
Since φ ≥ 2p, one of the above two cases has to be valid and Eq. (9) has a non-negative integer solution. 
3. Upper bounds on the number of fixed points
In order to reduce the number of cases to be considered, we derive some upper bounds on the number of fixed points, φ.
Let H be a graph. We let δ(H) denote the minimum degree of the vertices in H . It corresponds to the minimum row or
column sum of H ’s adjacency matrix.
Lemma 3.1. Let G be a srg(v, k, λ, µ) with a non-trivial automorphism ρ . Let H be the subgraph induced by the non-fixed
vertices of G. Then
δ(H) ≥ k−max(λ, µ).
Proof. Let x be a non-fixed vertex of G and let y be its image under ρ. Any fixed vertex adjacent to x is adjacent to y as well.
Since x and y have at most max(λ, µ) common neighbours, there are at most max(λ, µ) fixed vertices adjacent to x. Since
G is a regular graph of degree k, every non-fixed vertex of G has at least k−max(λ, µ) non-fixed neighbours. 
It is well known that the adjacency matrix of a strongly regular graph has exactly three eigenvalues k, r and s [3, p. 37]. The
corresponding minimal idempotents are:
E0 = 1
v
J, (10)
E1 = 1r − s

A− sI + s− k
v
J

, (11)
and
E2 = 1s− r

A− rI + r − k
v
J

. (12)
These idempotents are positive semidefinite and useful for deriving bounds on the number of fixed points. As noted in [5],
they are also useful in pruning the backtrack search tree. We found idempotents very useful in pruning our search.
The following theorem gives us an upper bound on the number of fixed points.
Theorem 3.2. Let s < r < k be the eigenvalues of a srg(v, k, λ, µ). Then
φ ≤ max(λ, µ)
k− r v.
Proof. Let n = v − φ be the number of non-fixed vertices and let A′ = [a′ij] be the principal submatrix of the adjacency
matrix formed by the non-fixed vertices.
Since E2 is positive semidefinite, E ′2 = [e′ij], the principal submatrix of E2 formed by the non-fixed vertices, is also positive
semidefinite.
Let α = max(λ, µ). From (12) and Lemma 3.1, we have
(s− r)
n−
i,j
e′ij =
n−
i,j
a′ij − rn+
r − k
v
n2
≥ (k− α)n− rn+ r − k
v
n2.
Noting that s− r < 0, we have
1
s− r

(k− α)n− rn+ r − k
v
n2

≥
n−
ij
e′ij
≥ 0,
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as the sum of the elements of a positive semidefinite matrix is always non-negative (indeed, consider zE1zT with z an all one
vector). Since s− r < 0 and n > 0, we have
(k− α)− r + r − k
v
n ≤ 0,
which implies
φ ≤ αv
k− r . 
Theorem 3.3.
φ ≤ v − k
2 − k
max(λ, µ)
+ 2k−max(λ, µ)− 2.
Proof. Let α = max(λ, µ). Let A be the adjacency matrix of the strongly regular graph and B = [bij] be the principal
submatrix of A corresponding to the non-fixed vertices.
We count the sum of entries of B2 in two different ways. First, since B is symmetric, we have B2 = BT . Let c be an arbitrary
column of B. By Lemma 3.1 there are at least k − α ones on c. By counting the number of ordered pairs of 1’s in column c ,
we have−
1≤i,j≤n,i≠j
bicbjc ≥ (k− α)(k− α − 1).
Let s be the sum of all the off-diagonal entries of B2. Since each off-diagonal entry is the inner product of two distinct rows
of B, we have
s =
−
1≤i,j≤n,i≠j
n−
c=1
bicbjc
=
n−
c=1
−
1≤i,j≤n,i≠j
bicbjc
≥ n(k− α)(k− α − 1).
On the other hand, since any two vertices have at most α common neighbours, the off-diagonal terms of B2 are at most
equal to α. Therefore,
s ≤ αn(n− 1).
Together, we have
(k− α)(k− α − 1)n ≤ αn(n− 1),
which simplifies to
n ≥ k
2 − k
α
− 2k+ α + 2.
Since n = v − φ, we have
φ ≤ v − k
2 − k
α
+ 2k− α − 2. 
We note that, in all our test cases, Theorem 3.2 gives a better upper bound than Theorem 3.3, but we have not been able to
show that this is always true.
While the previous two theorems are independent of p, the next two provides bounds for φ when p is large.
Theorem 3.4. If p > k and µ ≠ 0, then φ = 0.
Proof. If a fixed vertex u is connected to a non-fixed vertex v, then it should be connected to all other vertices in the orbit
of v. Therefore, if p > k, then no fixed vertex is connected to a non-fixed vertex making the graph imprimitive. 
Theorem 3.5. If φ ≤ k− 1 and p > max(λ, µ), then φ < v/(p+ 1).
Proof. If a fixed vertex u is connected to a non-fixed vertex v, then it should be connected to all other vertices in the orbit of
v. Sinceφ ≤ k−1, each fixed vertex is connected to at least an orbit of non-fixed vertices. Since p > max(λ, µ), no non-fixed
vertex can be connected to more than one fixed point. There are φ fixed vertices and ψ orbits of non-fixed vertices. Using
the pigeon hole principle, we have φ ≤ ψ . Since φ + pψ = v, we have φ < v/(p+ 1). 
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Table 1
Summary of results on unknown strongly regular graphs with v ≤ 100.
(v, k, λ, µ) Possible primes
(65, 32, 15, 16) 2, 3, 5
(69, 20, 7, 5) 2, 3
(75, 32, 10, 16) 2, 3
(76, 30, 8, 14) 2, 3
(76, 35, 18, 14) 2, 3, 5
(85, 14, 3, 2) 2
(85, 30, 11, 10) 2, 3, 5, 17
(85, 42, 20, 21) 2, 3, 5, 7
(88, 27, 6, 9) 2, 3, 5, 11
(95, 40, 12, 20) 2, 3, 5
(96, 35, 10, 14) 2, 3, 5
(96, 38, 10, 18) 2, 3, 5
(96, 45, 24, 18) 2, 3, 5
(99, 14, 1, 2) 2, 3
(99, 42, 21, 15) 2, 3, 5, 7, 11
(100, 33, 8, 12) 2, 3, 5, 11
Table 2
Distribution of automorphism group sizes for srg(49, 18, 7, 6)with automorphism of order divisible by 5 or 7.
Automorphism group size Number of strongly regular graphs
10 1
15 3
21 1
30 1
63 1
126 1
1008 1
1764 1
4. Results
We have implemented a program to find the orbit matrices, and another program to expand the orbit matrices into the
adjacency matrix of a strongly regular graph. These programs are written in C and C++.
The table of strongly regular graphs in [4] lists 16 parameter setswith v ≤ 100whose existence is unknown. After several
years of computation involving hundreds of Intel-based linux machines, we managed to eliminate many possible prime
divisors of the automorphism group of these graphs. The remaining open cases are summarised in Table 1.
There are two main reasons why these cases stay open. First, for small primes, we may fail to enumerate all possible
orbit matrices. This is the situation for p = 2 and for most of the cases with p = 3. Second, even if we have an orbit matrix,
the extension to a strongly regular graph may take too long. For example, there are 36 orbit matrices for a possible
srg(65, 32, 15, 16)with p = 5 and 5 fixed points. However, the extension to strongly regular graphs is estimated to take 10
million CPU days. For more details, and for further limitations on the number of fixed points, please see [1].
However, we have improved the results of [10,14] and showed that if a srg(99, 14, 1, 2) exists, then p = 2 or 3; and if a
srg(85, 14, 3, 2) exists, then p = 2.
We have also used our programs on parameter sets where strongly regular graphs are known, both to test the program
and to find new strongly regular graphs.
As a test of correctness, we enumerated the srg(36, 14, 4, 6) with non-trivial automorphisms, and then compared the
results to the complete enumeration by McKay and Spence in [13]. For each possible prime divisor of the automorphism
group, our list of strongly regular graphs agrees with [13].
For the srg(49, 18, 7, 6), we found exactly 10 graphs with automorphisms of order divisible by 5 or 7. The distribution
of the sizes of their full automorphism group are given in Table 2.
According to [4], all known srg(49, 18, 7, 6) are either from an Orthogonal Array, OA(7, 3), or Pasechnik(7).
AnOrthogonal array, OA(7, 3), is equivalent to a Latin square of order 7.Weobtained all the non-isomorphic Latin squares
of order 7 from B. McKay’s webpage at http://cs.anu.edu.au/~bdm/data/latin.html, and generated all their corresponding
strongly regular graphs. We performed isomorphism testing to compare our list of strongly regular graphs with those
obtained from OA(7, 3) and found that 6 of our graphs are new. In fact, none of the ones from OA(7, 3) have a full
automorphism group of size 21, 30, 63 or 126. Two of the graphs with automorphism group size of 15 are also new. The
other four are equivalent to one of the graphs obtained from OA(7, 3).
We also generated all the Pasechnik(7) strongly regular graphs via the unique skew-symmetric Hadamard matrix of
order 8 and found that they are all equivalent to the graph with an automorphism group of order 1764, and hence one of
those obtainable from OA(7, 3).
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Thus, we conclude that 6 of our graphs are new, and they are listed in the Appendix. They are formatted to highlight the
assumed automorphism and the fixed points, which also allows one to easily extract the corresponding orbit matrices.
Acknowledgement
The authors were supported in part by the Natural Sciences and Engineering Research Council of Canada.
Appendix. srg(49, 18, 7, 6)
In this appendix, we list the adjacency matrices of the srg(49, 18, 7, 6) that are new.
A3 =

0 1 1 1 00000 00000 00000 00000 00000 00000 11111 11111 11111
1 0 1 1 00000 00000 00000 00000 11111 11111 00000 00000 11111
1 1 0 1 00000 00000 00000 11111 00000 11111 00000 11111 00000
1 1 1 0 00000 00000 00000 11111 11111 00000 11111 00000 00000
0 0 0 0 01111 10000 10000 10000 11000 11100 11010 10100 10000
0 0 0 0 10111 01000 01000 01000 01100 01110 01101 01010 01000
0 0 0 0 11011 00100 00100 00100 00110 00111 10110 00101 00100
0 0 0 0 11101 00010 00010 00010 00011 10011 01011 10010 00010
0 0 0 0 11110 00001 00001 00001 10001 11001 10101 01001 00001
0 0 0 0 10000 01111 10000 00110 11010 01000 00010 11100 01001
0 0 0 0 01000 10111 01000 00011 01101 00100 00001 01110 10100
0 0 0 0 00100 11011 00100 10001 10110 00010 10000 00111 01010
0 0 0 0 00010 11101 00010 11000 01011 00001 01000 10011 00101
0 0 0 0 00001 11110 00001 01100 10101 10000 00100 11001 10010
0 0 0 0 10000 10000 01111 10110 00010 10100 11000 01000 11001
0 0 0 0 01000 01000 10111 01011 00001 01010 01100 00100 11100
0 0 0 0 00100 00100 11011 10101 10000 00101 00110 00010 01110
0 0 0 0 00010 00010 11101 11010 01000 10010 00011 00001 00111
0 0 0 0 00001 00001 11110 01101 00100 01001 10001 10000 10011
0 0 1 1 10000 00110 10110 01001 11000 10100 11000 00011 00000
0 0 1 1 01000 00011 01011 10100 01100 01010 01100 10001 00000
0 0 1 1 00100 10001 10101 01010 00110 00101 00110 11000 00000
0 0 1 1 00010 11000 11010 00101 00011 10010 00011 01100 00000
0 0 1 1 00001 01100 01101 10010 10001 01001 10001 00110 00000
0 1 0 1 10001 10101 00100 10001 01001 11000 00110 00000 01010
0 1 0 1 11000 11010 00010 11000 10100 01100 00011 00000 00101
0 1 0 1 01100 01101 00001 01100 01010 00110 10001 00000 10010
0 1 0 1 00110 10110 10000 00110 00101 00011 11000 00000 01001
0 1 0 1 00011 01011 01000 00011 10010 10001 01100 00000 10100
0 1 1 0 10011 00001 10010 10010 10001 00110 00000 01001 10010
0 1 1 0 11001 10000 01001 01001 11000 00011 00000 10100 01001
0 1 1 0 11100 01000 10100 10100 01100 10001 00000 01010 10100
0 1 1 0 01110 00100 01010 01010 00110 11000 00000 00101 01010
0 1 1 0 00111 00010 00101 00101 00011 01100 00000 10010 00101
1 0 0 1 10101 00100 10001 10001 00110 00000 01001 00101 10001
1 0 0 1 11010 00010 11000 11000 00011 00000 10100 10010 11000
1 0 0 1 01101 00001 01100 01100 10001 00000 01010 01001 01100
1 0 0 1 10110 10000 00110 00110 11000 00000 00101 10100 00110
1 0 0 1 01011 01000 00011 00011 01100 00000 10010 01010 00011
1 0 1 0 10010 10011 00001 01100 00000 01001 01010 00110 10010
1 0 1 0 01001 11001 10000 00110 00000 10100 00101 00011 01001
1 0 1 0 10100 11100 01000 00011 00000 01010 10010 10001 10100
1 0 1 0 01010 01110 00100 10001 00000 00101 01001 11000 01010
1 0 1 0 00101 00111 00010 11000 00000 10010 10100 01100 00101
1 1 0 0 10000 01001 11001 00000 00101 10100 11000 10100 00110
1 1 0 0 01000 10100 11100 00000 10010 01010 01100 01010 00011
1 1 0 0 00100 01010 01110 00000 01001 00101 00110 00101 10001
1 1 0 0 00010 00101 00111 00000 10100 10010 00011 10010 11000
1 1 0 0 00001 10010 10011 00000 01010 01001 10001 01001 01100

automorphism group size = 30
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A4 =

0 1 1 1 00000 00000 00000 00000 00000 00000 11111 11111 11111
1 0 1 1 00000 00000 00000 00000 11111 11111 00000 00000 11111
1 1 0 1 00000 00000 00000 11111 00000 11111 00000 11111 00000
1 1 1 0 00000 00000 00000 11111 11111 00000 11111 00000 00000
0 0 0 0 01111 10000 10000 10000 11000 11100 11010 10100 10000
0 0 0 0 10111 01000 01000 01000 01100 01110 01101 01010 01000
0 0 0 0 11011 00100 00100 00100 00110 00111 10110 00101 00100
0 0 0 0 11101 00010 00010 00010 00011 10011 01011 10010 00010
0 0 0 0 11110 00001 00001 00001 10001 11001 10101 01001 00001
0 0 0 0 10000 01111 01000 00011 11010 01000 00010 11100 10100
0 0 0 0 01000 10111 00100 10001 01101 00100 00001 01110 01010
0 0 0 0 00100 11011 00010 11000 10110 00010 10000 00111 00101
0 0 0 0 00010 11101 00001 01100 01011 00001 01000 10011 10010
0 0 0 0 00001 11110 10000 00110 10101 10000 00100 11001 01001
0 0 0 0 10000 00001 01111 10110 00100 10100 11000 10000 11001
0 0 0 0 01000 10000 10111 01011 00010 01010 01100 01000 11100
0 0 0 0 00100 01000 11011 10101 00001 00101 00110 00100 01110
0 0 0 0 00010 00100 11101 11010 10000 10010 00011 00010 00111
0 0 0 0 00001 00010 11110 01101 01000 01001 10001 00001 10011
0 0 1 1 10000 01100 10110 01001 10001 10100 11000 00110 00000
0 0 1 1 01000 00110 01011 10100 11000 01010 01100 00011 00000
0 0 1 1 00100 00011 10101 01010 01100 00101 00110 10001 00000
0 0 1 1 00010 10001 11010 00101 00110 10010 00011 11000 00000
0 0 1 1 00001 11000 01101 10010 00011 01001 10001 01100 00000
0 1 0 1 10001 10101 00010 11000 01001 11000 00110 00000 00101
0 1 0 1 11000 11010 00001 01100 10100 01100 00011 00000 10010
0 1 0 1 01100 01101 10000 00110 01010 00110 10001 00000 01001
0 1 0 1 00110 10110 01000 00011 00101 00011 11000 00000 10100
0 1 0 1 00011 01011 00100 10001 10010 10001 01100 00000 01010
0 1 1 0 10011 00001 10010 10010 10001 00110 00000 01001 10010
0 1 1 0 11001 10000 01001 01001 11000 00011 00000 10100 01001
0 1 1 0 11100 01000 10100 10100 01100 10001 00000 01010 10100
0 1 1 0 01110 00100 01010 01010 00110 11000 00000 00101 01010
0 1 1 0 00111 00010 00101 00101 00011 01100 00000 10010 00101
1 0 0 1 10101 00100 10001 10001 00110 00000 01001 00101 10001
1 0 0 1 11010 00010 11000 11000 00011 00000 10100 10010 11000
1 0 0 1 01101 00001 01100 01100 10001 00000 01010 01001 01100
1 0 0 1 10110 10000 00110 00110 11000 00000 00101 10100 00110
1 0 0 1 01011 01000 00011 00011 01100 00000 10010 01010 00011
1 0 1 0 10010 10011 10000 00110 00000 01001 01010 00110 01001
1 0 1 0 01001 11001 01000 00011 00000 10100 00101 00011 10100
1 0 1 0 10100 11100 00100 10001 00000 01010 10010 10001 01010
1 0 1 0 01010 01110 00010 11000 00000 00101 01001 11000 00101
1 0 1 0 00101 00111 00001 01100 00000 10010 10100 01100 10010
1 1 0 0 10000 10010 11001 00000 01010 10100 11000 01001 00110
1 1 0 0 01000 01001 11100 00000 00101 01010 01100 10100 00011
1 1 0 0 00100 10100 01110 00000 10010 00101 00110 01010 10001
1 1 0 0 00010 01010 00111 00000 01001 10010 00011 00101 11000
1 1 0 0 00001 00101 10011 00000 10100 01001 10001 10010 01100
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automorphism group size = 15
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A5 =

0 1 1 1 00000 00000 00000 00000 00000 00000 11111 11111 11111
1 0 1 1 00000 00000 00000 00000 11111 11111 00000 00000 11111
1 1 0 1 00000 00000 00000 11111 00000 11111 00000 11111 00000
1 1 1 0 00000 00000 00000 11111 11111 00000 11111 00000 00000
0 0 0 0 01111 10000 10000 10000 11000 11100 11010 10100 10000
0 0 0 0 10111 01000 01000 01000 01100 01110 01101 01010 01000
0 0 0 0 11011 00100 00100 00100 00110 00111 10110 00101 00100
0 0 0 0 11101 00010 00010 00010 00011 10011 01011 10010 00010
0 0 0 0 11110 00001 00001 00001 10001 11001 10101 01001 00001
0 0 0 0 10000 01111 01000 10100 11010 01000 00010 11100 00011
0 0 0 0 01000 10111 00100 01010 01101 00100 00001 01110 10001
0 0 0 0 00100 11011 00010 00101 10110 00010 10000 00111 11000
0 0 0 0 00010 11101 00001 10010 01011 00001 01000 10011 01100
0 0 0 0 00001 11110 10000 01001 10101 10000 00100 11001 00110
0 0 0 0 10000 00001 01111 11001 00100 10100 11000 10000 10110
0 0 0 0 01000 10000 10111 11100 00010 01010 01100 01000 01011
0 0 0 0 00100 01000 11011 01110 00001 00101 00110 00100 10101
0 0 0 0 00010 00100 11101 00111 10000 10010 00011 00010 11010
0 0 0 0 00001 00010 11110 10011 01000 01001 10001 00001 01101
0 0 1 1 10000 10010 11001 00110 01010 10100 11000 01001 00000
0 0 1 1 01000 01001 11100 00011 00101 01010 01100 10100 00000
0 0 1 1 00100 10100 01110 10001 10010 00101 00110 01010 00000
0 0 1 1 00010 01010 00111 11000 01001 10010 00011 00101 00000
0 0 1 1 00001 00101 10011 01100 10100 01001 10001 10010 00000
0 1 0 1 10001 10101 00010 00101 01001 11000 00110 00000 11000
0 1 0 1 11000 11010 00001 10010 10100 01100 00011 00000 01100
0 1 0 1 01100 01101 10000 01001 01010 00110 10001 00000 00110
0 1 0 1 00110 10110 01000 10100 00101 00011 11000 00000 00011
0 1 0 1 00011 01011 00100 01010 10010 10001 01100 00000 10001
0 1 1 0 10011 00001 10010 10010 10001 00110 00000 01001 10010
0 1 1 0 11001 10000 01001 01001 11000 00011 00000 10100 01001
0 1 1 0 11100 01000 10100 10100 01100 10001 00000 01010 10100
0 1 1 0 01110 00100 01010 01010 00110 11000 00000 00101 01010
0 1 1 0 00111 00010 00101 00101 00011 01100 00000 10010 00101
1 0 0 1 10101 00100 10001 10001 00110 00000 01001 00101 10001
1 0 0 1 11010 00010 11000 11000 00011 00000 10100 10010 11000
1 0 0 1 01101 00001 01100 01100 10001 00000 01010 01001 01100
1 0 0 1 10110 10000 00110 00110 11000 00000 00101 10100 00110
1 0 0 1 01011 01000 00011 00011 01100 00000 10010 01010 00011
1 0 1 0 10010 10011 10000 01001 00000 01001 01010 00110 00110
1 0 1 0 01001 11001 01000 10100 00000 10100 00101 00011 00011
1 0 1 0 10100 11100 00100 01010 00000 01010 10010 10001 10001
1 0 1 0 01010 01110 00010 00101 00000 00101 01001 11000 11000
1 0 1 0 00101 00111 00001 10010 00000 10010 10100 01100 01100
1 1 0 0 10000 01100 10110 00000 10001 10100 11000 00110 01001
1 1 0 0 01000 00110 01011 00000 11000 01010 01100 00011 10100
1 1 0 0 00100 00011 10101 00000 01100 00101 00110 10001 01010
1 1 0 0 00010 10001 11010 00000 00110 10010 00011 11000 00101
1 1 0 0 00001 11000 01101 00000 00011 01001 10001 01100 10010
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automorphism group size = 15
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A6 =

0000000 1110000 1110000 1100100 1100100 1010100 1010100
0000000 0111000 0111000 0110010 0110010 0101010 0101010
0000000 0011100 0011100 0011001 0011001 0010101 0010101
0000000 0001110 0001110 1001100 1001100 1001010 1001010
0000000 0000111 0000111 0100110 0100110 0100101 0100101
0000000 1000011 1000011 0010011 0010011 1010010 1010010
0000000 1100001 1100001 1001001 1001001 0101001 0101001
1000011 0000000 1100100 1100010 0001011 1010010 0001101
1100001 0000000 0110010 0110001 1000101 0101001 1000110
1110000 0000000 0011001 1011000 1100010 1010100 0100011
0111000 0000000 1001100 0101100 0110001 0101010 1010001
0011100 0000000 0100110 0010110 1011000 0010101 1101000
0001110 0000000 0010011 0001011 0101100 1001010 0110100
0000111 0000000 1001001 1000101 0010110 0100101 0011010
1000011 1001001 0000000 1010100 0101001 0100110 1110000
1100001 1100100 0000000 0101010 1010100 0010011 0111000
1110000 0110010 0000000 0010101 0101010 1001001 0011100
0111000 0011001 0000000 1001010 0010101 1100100 0001110
0011100 1001100 0000000 0100101 1001010 0110010 0000111
0001110 0100110 0000000 1010010 0100101 0011001 1000011
0000111 0010011 0000000 0101001 1010010 1001100 1100001
1001001 1010001 1001010 0000000 0101100 0011100 0001011
1100100 1101000 0100101 0000000 0010110 0001110 1000101
0110010 0110100 1010010 0000000 0001011 0000111 1100010
0011001 0011010 0101001 0000000 1000101 1000011 0110001
1001100 0001101 1010100 0000000 1100010 1100001 1011000
0100110 1000110 0101010 0000000 0110001 1110000 0101100
0010011 0100011 0010101 0000000 1011000 0111000 0010110
1001001 0110100 0100101 0001101 0000000 1110000 1100010
1100100 0011010 1010010 1000110 0000000 0111000 0110001
0110010 0001101 0101001 0100011 0000000 0011100 1011000
0011001 1000110 1010100 1010001 0000000 0001110 0101100
1001100 0100011 0101010 1101000 0000000 0000111 0010110
0100110 1010001 0010101 0110100 0000000 1000011 0001011
0010011 1101000 1001010 0011010 0000000 1100001 1000101
1001010 1010010 0011001 0001110 1000011 0000000 1001100
0100101 0101001 1001100 0000111 1100001 0000000 0100110
1010010 1010100 0100110 1000011 1110000 0000000 0010011
0101001 0101010 0010011 1100001 0111000 0000000 1001001
1010100 0010101 1001001 1110000 0011100 0000000 1100100
0101010 1001010 1100100 0111000 0001110 0000000 0110010
0010101 0100101 0110010 0011100 0000111 0000000 0011001
1001010 0101100 1000011 0110100 1010001 1001100 0000000
0100101 0010110 1100001 0011010 1101000 0100110 0000000
1010010 0001011 1110000 0001101 0110100 0010011 0000000
0101001 1000101 0111000 1000110 0011010 1001001 0000000
1010100 1100010 0011100 0100011 0001101 1100100 0000000
0101010 0110001 0001110 1010001 1000110 0110010 0000000
0010101 1011000 0000111 1101000 0100011 0011001 0000000
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automorphism group size = 21
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A8 =

0000000 1110000 1101000 1101000 1100100 1100010 1010100
0000000 0111000 0110100 0110100 0110010 0110001 0101010
0000000 0011100 0011010 0011010 0011001 1011000 0010101
0000000 0001110 0001101 0001101 1001100 0101100 1001010
0000000 0000111 1000110 1000110 0100110 0010110 0100101
0000000 1000011 0100011 0100011 0010011 0001011 1010010
0000000 1100001 1010001 1010001 1001001 1000101 0101001
1000011 0000000 1100100 0110001 0001101 0101010 0110001
1100001 0000000 0110010 1011000 1000110 0010101 1011000
1110000 0000000 0011001 0101100 0100011 1001010 0101100
0111000 0000000 1001100 0010110 1010001 0100101 0010110
0011100 0000000 0100110 0001011 1101000 1010010 0001011
0001110 0000000 0010011 1000101 0110100 0101001 1000101
0000111 0000000 1001001 1100010 0011010 1010100 1100010
1000101 1001001 0000000 0110100 1010100 1000110 0000111
1100010 1100100 0000000 0011010 0101010 0100011 1000011
0110001 0110010 0000000 0001101 0010101 1010001 1100001
1011000 0011001 0000000 1000110 1001010 1101000 1110000
0101100 1001100 0000000 0100011 0100101 0110100 0111000
0010110 0100110 0000000 1010001 1010010 0011010 0011100
0001011 0010011 0000000 1101000 0101001 0001101 0001110
1000101 0100011 0001011 0000000 1101000 0110001 0110100
1100010 1010001 1000101 0000000 0110100 1011000 0011010
0110001 1101000 1100010 0000000 0011010 0101100 0001101
1011000 0110100 0110001 0000000 0001101 0010110 1000110
0101100 0011010 1011000 0000000 1000110 0001011 0100011
0010110 0001101 0101100 0000000 0100011 1000101 1010001
0001011 1000110 0010110 0000000 1010001 1100010 1101000
1001001 0101100 1001010 1000101 0000000 1000011 0011010
1100100 0010110 0100101 1100010 0000000 1100001 0001101
0110010 0001011 1010010 0110001 0000000 1110000 1000110
0011001 1000101 0101001 1011000 0000000 0111000 0100011
1001100 1100010 1010100 0101100 0000000 0011100 1010001
0100110 0110001 0101010 0010110 0000000 0001110 1101000
0010011 1011000 0010101 0001011 0000000 0000111 0110100
1010001 0010101 1011000 0100011 1110000 0000000 1001001
1101000 1001010 0101100 1010001 0111000 0000000 1100100
0110100 0100101 0010110 1101000 0011100 0000000 0110010
0011010 1010010 0001011 0110100 0001110 0000000 0011001
0001101 0101001 1000101 0011010 0000111 0000000 1001100
1000110 1010100 1100010 0001101 1000011 0000000 0100110
0100011 0101010 0110001 1000110 1100001 0000000 0010011
1001010 0100011 0111000 0001011 0010110 1100100 0000000
0100101 1010001 0011100 1000101 0001011 0110010 0000000
1010010 1101000 0001110 1100010 1000101 0011001 0000000
0101001 0110100 0000111 0110001 1100010 1001100 0000000
1010100 0011010 1000011 1011000 0110001 0100110 0000000
0101010 0001101 1100001 0101100 1011000 0010011 0000000
0010101 1000110 1110000 0010110 0101100 1001001 0000000
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automorphism group size = 63
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A10 =

0000000 1110000 1101000 1101000 1100100 1100010 1010100
0000000 0111000 0110100 0110100 0110010 0110001 0101010
0000000 0011100 0011010 0011010 0011001 1011000 0010101
0000000 0001110 0001101 0001101 1001100 0101100 1001010
0000000 0000111 1000110 1000110 0100110 0010110 0100101
0000000 1000011 0100011 0100011 0010011 0001011 1010010
0000000 1100001 1010001 1010001 1001001 1000101 0101001
1000011 0000000 1010001 0110010 1000110 0101001 1000101
1100001 0000000 1101000 0011001 0100011 1010100 1100010
1110000 0000000 0110100 1001100 1010001 0101010 0110001
0111000 0000000 0011010 0100110 1101000 0010101 1011000
0011100 0000000 0001101 0010011 0110100 1001010 0101100
0001110 0000000 1000110 1001001 0011010 0100101 0010110
0000111 0000000 0100011 1100100 0001101 1010010 0001011
1000101 1100010 0000000 0001011 0101100 0110001 0110001
1100010 0110001 0000000 1000101 0010110 1011000 1011000
0110001 1011000 0000000 1100010 0001011 0101100 0101100
1011000 0101100 0000000 0110001 1000101 0010110 0010110
0101100 0010110 0000000 1011000 1100010 0001011 0001011
0010110 0001011 0000000 0101100 0110001 1000101 1000101
0001011 1000101 0000000 0010110 1011000 1100010 1100010
1000101 0010011 0110100 0000000 1001010 1000110 0011100
1100010 1001001 0011010 0000000 0100101 0100011 0001110
0110001 1100100 0001101 0000000 1010010 1010001 0000111
1011000 0110010 1000110 0000000 0101001 1101000 1000011
0101100 0011001 0100011 0000000 1010100 0110100 1100001
0010110 1001100 1010001 0000000 0101010 0011010 1110000
0001011 0100110 1101000 0000000 0010101 0001101 0111000
1001001 1011000 0001101 1010100 0000000 0000111 1010001
1100100 0101100 1000110 0101010 0000000 1000011 1101000
0110010 0010110 0100011 0010101 0000000 1100001 0110100
0011001 0001011 1010001 1001010 0000000 1110000 0011010
1001100 1000101 1101000 0100101 0000000 0111000 0001101
0100110 1100010 0110100 1010010 0000000 0011100 1000110
0010011 0110001 0011010 0101001 0000000 0001110 0100011
1010001 0100101 0100011 1011000 0111000 0000000 1001100
1101000 1010010 1010001 0101100 0011100 0000000 0100110
0110100 0101001 1101000 0010110 0001110 0000000 0010011
0011010 1010100 0110100 0001011 0000111 0000000 1001001
0001101 0101010 0011010 1000101 1000011 0000000 1100100
1000110 0010101 0001101 1100010 1100001 0000000 0110010
0100011 1001010 1000110 0110001 1110000 0000000 0011001
1001010 1101000 0100011 0001110 1100010 1001100 0000000
0100101 0110100 1010001 0000111 0110001 0100110 0000000
1010010 0011010 1101000 1000011 1011000 0010011 0000000
0101001 0001101 0110100 1100001 0101100 1001001 0000000
1010100 1000110 0011010 1110000 0010110 1100100 0000000
0101010 0100011 0001101 0111000 0001011 0110010 0000000
0010101 1010001 1000110 0011100 1000101 0011001 0000000

automorphism group size = 126
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